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THE VERTICAL-TAIL LOADS ME&%RED DUFUNG A FLIGHT 

INVESTIGATION ON A JXT-FWERED BMEER AIRPLAmE 

. By T . V. Cooney 

Results  are  presented of a flight investigation  conducted on a jet- 
powered  bomber ai rplane  to  determine the  ver t ical- ts i l   loads.   Strain-  
gage measurementa were made of t h e   f i n  and rudder  loads in abrupt  rudder 
kicks,  and  in  gradual  sideslip maneuvers. 

The basic aerodynamic parameters, CL and C L ~ ,  for the   ver t ica l  
t a i l  were determined from time-history measurements of ver t i ca l - t a i l  
load,  sideslip  angle,  rudder  position,  and yawing veloci ty   in   abrupt  
rudder  kicks  by a procedure  involving a least-squares  solution. 

0. 

A t  the first peak load  in  the  rudder  kicks the rudder load w a s  
about 42 percent of t he   t o t a l   ve r t i ca l - t a i l   l oad  and  the  fin  load w a s  
38 percent of t h e   t o t a l  load, while a t  the  time.of maximum s ides l ip  
angle  the  rudder  load w a s  28 percent of the   to ta l   load  and  the f in   load  
in  the  opposite  direction from the  rudder  load w a s  128 percent of the 
to t a l .  The to t a l   ve r t i ca l - t a i l   l oad  measured in gradual  sideslips was 
small. However, during  these maneuvers the ruilder load was 1- times 

the  total   (net)   load  while  the f i n  load, in the  opposite  directio'n, w a s  
2- times the   to ta l   ver t ica l - ta i l   load .  
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Estimates of the  vertical-tail-surface  loads i n  an abrupt- 
rudder-reversalmsneuver are made by using the parameters derived 
from the  flight tests. 

INTRODUCTION 

The theoret ical  and experimental  investigations which pave been 
carried  out  in  recent  years have  contributed t o  the  understanding of i 
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the problems involved in  the  design of ver t ica l  t a i l  surfaces. Some of 
the more recent  analytical   studies have been  concerned with 'the  deter- 
mination of the  sideslip  angles and. rudder  deflections which can be 
attained  in  various types of maneuvers. (See re fs .  1, 2, and 3. )  
Flight  measurements of the   ver t ical- ta i l   loads and a comprehensive 
study of the  factors  affecting  the loads .and the  distribution of load 
on the  ver t ical  t a i l  of a fighter-type  airplane  are  presented  in ref- 
erence 4. Reference 5 gives a comparison of the   ver t ical- ta i l   loads 
measured i n  flight tests with the  loads  calculated from the flight 
measurements of sideslip  angles and rudder  deflections and the  aero- 
dynamic parameters  obtained from charts of  reference 6 .  The recent 
flight investigations, however, including  those  reported  in  refer- 
ences 4 and 5 ,  are concerned exclusively  with  fighter-type  aircraft, 
and the  question  has  arisen as t o  whether o r  not  the same considerations 
hold true for   larger   a i rplanes.  

In order  to  obtain  information on the  vertical-tail   loads  experi-  
enced  by a bomber-type airplane, a f l igh t - inves t iga t ion  was carried 
out wi th  a B-45A. Strain-gage measurements were made of the loads 
encountered by the  ver t ical  t a i l  surfaces  in  abrupt  rudder-kick maneu- 
vers and i n  gradual  aidealip maneuvers. The loads measured under these 
conditions of f l ight   are   presented i n  t h i s  paper  together  with  the results 
of an analysis of the  data   to  determine  parameters which are involved i n  
the  design of ve r t i ca l  t a i l  surfaces. 

I Particular  at tention i s  given to  a discussion of the method used 
for   ex t rac t ing   the   ver t ica l - ta i l   bas ic  aerodynamic parameters, C L ~  
and C L ~ ,  from the   f l igh t  data obtained in rudder  kicks. The portion 
of the   to ta l   ver t ica l - ta i l   load   car r ied  by the   f i n  and rudder i n  the 
various maneuvers was also  detemintA and is presented. An estimate is 
made Of the  loads on the ver t i ca l  t a i l  surfaces in an  abrupt  rudder  rever- 
sal  maneuver. The estimates are based on measurements made during t h i s  
f l ight   Wvest iwtion and a re  compared with  the limit d e s i g n  loads. 

- 

SYMBOLS 

v true airspeed,  ft/sec 

M Mach  number 

9 dynamic pressure, lb/ft2 

Lv yer t ica l - ta i l .  aerodynamic load, l b  
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n LR rudder aerodynamic load, lb 

LF f i n  aerodynamic load, lb 

6 r  rudder  deflection, deg 

c 

I 

av angle of attack at ve r t i ca l  tai l ,  deg 

B sideslip  angle, deg 

i- yawing velocity,  rad/sec 

P rolling  velocity,  rad/sec i 

2 t a i l   l eng th  (distance from center of gravi ty   to  rudder 
hinge l ine)  , f t  I 

r a t e  of change of ve r t i ca l - t a i l  lift coefficient  with  angle 
of attack 

% rate of change of ver t i ca l - t a i l  l i f t  coefficient w i t h  rudder 
1 deflection 

=v1 

$2 

first peak load  in  'a rudder kick, the deflection load, lb 

second peak load i n  a rudder kick,  the dynamic load, lb 
- 

LvP rate of change of ver t ica l - ta i l   load  w i t h  sfdeslip, 9 as 

I 

# 

I 

r a t e  of change of  ve r t i ca l - t a i l  load with  rudder  deflection, 

rate of change of vertical-tail   load  with yawing velocity, 
aLv 

I 

With any of the above symbols, the   pref ix  A represents an incre- 
ment measured from the trim condition. 
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Airplane.- A photograph of the   tes t   a i rplane,  a B-45A, i s  shown 
i n  figure 1, and figure 2 shows a three-view drawing with some per t i -  
nent  dimensions.  For this   invest igat ion the airplane  take-off  weight 
was approximately 65,000 pounds and the w e i g h t  on landing w a s  approxi- 
mately  50,000.pounds. The center  of  gravity  varfed less than 1 percent 
mean aerodymmic  chord due t o   f u e l  consumption during  the  period of time 
required  for  the test runs, and the  approximate center-of-gravity  posi- 
tion  during  the tes t  maneuvers was 28 percent mean aerodynamic chord. 
Figure 3 shows the  vertical-tail  configuration and the approximate loca- 
t ions o f  the strain-gage bridges. Also included i n  figure 3 i s  a table 
of the geometric characterist ics of the  verti-cal   taiL  surface.  

' Instrumentation.-  For  this  investigation,  standard NACA recording 
instruments were installed  in  the  airplane  to  obtain measurements of 
airspeed, a l t i tude ,  sideslip angle,  control  positions,  linear  accelera- 
tions, and angular  velocities.  Strain gages were employed t o  measure 
loads and the  output from the   s t r a in  gages was recorded on an  18-channel 

The structural loads Ls from the strain-gage measurements w e r e  
converted to aerodynamic loads LA by the  addition of 813 inertia  load 
LI as indicated by the equation: LA = Ls + LI. The iner t ia   load is  
equal to the weight o f - t h e  t a i l  outboard of the  strain-gage  station 
multiplied by the  transverse  acceleration measured a t t h e   r o o t  of  the 
ver t ica l  t a i l .  

oscillograph. A I - second  time pulse was used t o  correlate  the  records 
of a l l  recording  instruments. The airspeed head w a s  located on a boom,' 
at t h e   t i p  of t h e   l e f t  wing, and extend.ed approximately one loca l  chord 
length  ahead of the  leading edge. The resul ts  of a f l igh t   ca l ibra t ion  
of the  airspeed system for   posi t ion  error  and an  analysis of available 
data   for  a similar installation  indicated a.Mach  number e r ror  of less 
than K1.01 throughout  the test range. The sideslip-angle  transmitter 
was located on a boom a t  the  r ight  wing t ip   for   the   g radual -s ides l ip  
flights and on a boom extending -forward  of the nose of the airplane  for  
the  rudder-kick  flights.  Neither  installation was cal ibrated  for  inflow 
effects;  however, errors  due to   these  effects  are considered t o  be mini- 
mized since  the results are presented as incremental  sideslip  angles. 
For  the  abrupt maneuvers, no correction  has been applied  to  the  sideslip- 
angle measurementn f o r  the errors  due t o  the  location of the  transmitter 
forward of the  airplane  center of -gravity since  the errors i n  measure- 
m6nts  due t o  t h i s   e f f e c t  are estimated t o  be within  the  accuracy of the 
in s  tnrment . 

10 
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n Fl ight   t es t s . -  The fl ight  investigation  consisted of rudder-kick 
maneuvers performed in   t he  Mach  number range from 0.40 to 0.74 a t  
30,000 f e e t  and gradual  sideslips in the Mach  number range from 0.30 
to 0.76 a t  two al t i tudes,  20,000 f e e t  and 30,OOO f ee t .  - 

In the  rudder-kick maneuvers, the rudder w a s  displaced  abruptly and 
then held in  the  aisplaced  position  while  the  sideslip  angle  fncreased 
t o  a maximum value  corresponding to   t he  rudder  deflection. No  appreci- 
able change in   a i rspeed o r  altitude occurred  during  these maneuvers. 

The s idesl ip  maneuvers were performed  by gradually  increasing  the 
s ides l ip  i n  nonturning f l ight   while  the airspeed was maintained  constant. 
I n  all the   s idesl ip  maneuvers the  s idesl ip  angles were increased until 
lfmited  either by rudder-pedal  travel  or by p i l o t   e f f o r t .  I n  these 
maneuvers nearly  steady  sideslipping  conditions  prevailed a t  each  instant 
since'  the change in   s ides l ip  &ngle was less than 'Ao per second. A t  the 

s t a r t  of both  the  rudder  kicks and the  gradual  sideslips,  the  airplane 
was in  the  clean  condition and trimmed for   s teady flight. 

2 

RESULTS AND DISCUSSION 

Rudder.Kicks in Level Fl ight  
n 

Time his tor ies  of the  various  quantities measured i n  a typical  
rudder  kick are shown i n  figure 4. As seen in this figure  the  rudder 
was kicked  abruptly and then  held  until  after  the  sideslip  angle  reached 
a maximum value. The f i rs t  peek ver t ica l - ta i l   load  Lvl i n  fig. 4 
w i l l  be  called  the  "deflection  load" as in   reference 6 and the second 
peak load Lv2 i n   f i g .  4) w i l l  be  called  the "dynamic load." 

( ) 

( 
For a rudder  kick in   l eve l   f l i gh t   t he  increment i n  ve r t i ca l - t a i l  

load  over the value of steady  load  prior  to  the maneuver can be  expressed 
by the  following  equation: 

! 
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If there was appreciable  rolling motion present,  another term 
S v P A p  would have to be added to account for  the  angle-of-attack 
increment  contributed  by the rolling  velocity.  Since only incremental 
ve r t i ca l - t a i l  loads are  considered  throughout t h i s  paper, effects  of 
f i n   o f f s e t  or any other unsymmetry bui l t   in to  the airplane which would 
a f fec t  the absolute  value o f  the  ver t ical- ta i l   loads do not  appear i n  
the  equation. 

From the measurements of-vertical-tail  load,  sideslip  angle, 
rudder position,. and yawing velocity such as those shown i n  the t i m e  
hietory of figure  kTreadings were made of each  quantity a t  --second 1 

intervals.  Each reading was then  subtracted from the  value o f  the 
corresponding measurement which ex is ted   &the   s ta r t  of the maneuver 
(time, 0.3 sec, i n   f i g .  4) . The incremental. values thus  obtained were 
substituted  into  equations of the form o f  equation (1) which were then 
solved by a least-squares  procedure f o r  the  coefficients Lvp, L V ~ ~ ,  

10 

-I 

and Ly The A- second increment for  reading  the  records was chosen 
$'  10 

f o r  convenience; however, any increment other  than - second could have 

been selected.   I t--is   necessary  to have the number of readings  large in 
comparison with the number of unJsna~n coeff ic ients   to  be evaluated 
because the accuracy of the determined coefficients  increases as the 
nmber of' readings increases. 

1 
10 

The method used t o  solve for the  coefficients of equation (1) 
assumes tha t  there is l inear  dependence of the  incremental v e r t i c a l - t a i l  

I 
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n load on the sideslip  angle,  rudder  deflection, and yawing velocity 

- indicated  in  figure 5 where the measured incremental  load from figure 4 
and that these three. variables  adequately  define the ve r t i ca l - t a i l  
angle of a t t a c k   a t  any instant.  The val idi ty  of these assumptions is  

i s  compared with  the  vertical-tail   load computed by  using  equation (I) 
and the  coefficients determined by the method outlined. 

From figure 5 it can be seen that   the  magnitude oP the  vertical-  
t a i l  load is duplicated  throughout the maneuver; hence, it may be 
concluded that B, and 4 are the OW important  influencing 
variables.  Values of Lvs, Lvsr, and were obtained from the 

solution of equations of the  type of equation (1) fo r  each of the 
26  rudder-kick runs made a t  the  various  values of  dynamic pressure and 
rates  of rudder deflection. 

lk- 

From equations  (2) , C h  and C L ~  may be calculated as 

and 

if the assumption is made that  the  sidarash 
unity. The ve r t i ca l - t a i l  area used  here is 

fac tor  -/P is  equal   to  
the shaded area in figure 3 

which is  the  portion of the   ver t ica l  tail outboard of  the strain-gage 
location. 

The variation of C h  and C L ~  w i t h  Mach  number as determined 
. from equations (3)  and (4) i s  shown i n  figure 6. The increase in l i f t -  

curve slope C h  with Mach  number which is evident i n  figure 6 is  of 
the magnitude t o  be expected from the commonly used  compressibility 

correction  factor 1. However, the values of C h  sham i n  fig- 

ure 6 as w e l l  as the magnitude of the variation  with Mach  number are 
dependent on the assumption tha t  .si/$ is  equal to   un i ty .  An additional 

4 3  
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consideration is the f a c t   t h a t  all t he   f l i gh t  measurements were made a t  
one a l t i t ude  and the changes i n  Mach  number i n  figure 6 also  correspond 
t o  changes in   a i rplane l i f t  coefficient as well. Experimental  informa- 
tion  given  in  reference 7 ina ica tes   tha t   the   e f fec t ive   ver t ica l - ta i l  
lift-curve  slope  decreases  with  increasing  angle of attack. 

The v e r t i c a l   t a i l  has a geometric  aspect  ratio of 1.35 but  due t o  
the  end-plate  effect of  the horizontal t a i l  it has an effective  aspect 
r a t i o  of 2.08 determined  by  multiplying  the  geometric  value by 1.55 
according  to  reference 6. Corresponding to   th i s   e f fec t ive   aspec t   ra t io ,  
figure 3 of reference 6 would indicate a l if t-curve  slope of 0.045 
whereas the  value of C h  shown in  figure 6 for  the  lowest test  Mach 
number i s  0 .O29. 

Since there is  no appreciable  variation  in C L ~  with Mach  number 
shown in  f igure 6, and since C h  increases  with  fncreasing Mach nun- 
ber, rudder effectiveness CL~/CL, is reduced with  increasing Mach 

number. 

Deflection  lo,ad.- I n  an abrupt rudder kick  the f i r s t  peak ver t ical-  
tail  load  usually  occurs  before  the airplane has had a chance t o  side- 
slip. When t h i s  i s  the  case P and $ are  zero and equation (1.) reduces 
to  

The increment i n  ver t ical- ta i l   def lect ion  load ALvl was divided 

by .the rudder  deflection  responsible f o r  it and t h i s   r a t i o  i s  plot ted 
against  the dynamic pressure of the maneuver in   f igure 7. In t h i s   f i g -  

ure each point  represents the value of mvl - determined f o r  one rudder- 

kick run including  various  rates  of  rudder  deflection from 20° per second 
t o  50° per second. In each  case, however, the  rudder  rate was suf f ic ien t ly  
great t o  allow the  load  to  reach a peak value  while  the  airplane was still  

A6r 

undisturbed  in  sideslip. The variation of - with q i s  a measure 
A% 

of the l i f t  coefficient due t o  rudder  deflection C L ~  multiplied by the 
ve r t i ca l - t a i l  area. The so l id   l i ne   i n  figure 7 shows how the  value of 
C L & S ~  previously  obtained f'rom the  least-squares  analysis  considering 

the  entire  rudder-kick run compares with  the peak "dkflection"  load 
divided by the rudder deflection. 

i 
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8. Although  chordwise dis t r ibut ions of  load-were  not measured, the 

- mental rudder load   for   the  first load peak in rudder  kicks is plo t ted  

rudder  hinges were instrumented so that   the   load  carr ied by  the  rudder 
and  transmitted  through  the  hinges was measured. The measured incre- 

against the incremental t o t a l   v e r t i c a l - t a i l   l o a d   i n  figure 8. It can 
be  seen  from this figure that  for  the  so-called  deflection  load, 42 per- 
cent of the   to ta l   load  is  carried  by  the  rudder  and 58 percent i s  carr ied 
by the   f i n .  The rudder. car r ies  a constant  percent of the total load   for  
various dynamic pressures and f o r  Mach numbers  up t o  M = 0.74. 

Dynamic load.- The second peak load of f igure 4, cal led  the dynamic 
load,  coincides w i t h  the t i m e  of occurrence of the   g rea tes t   s ides l ip  
angle in rudder-kick maneuvers where the  rudder was deflected  abruptly 
to  some posit ion and  then  held  unt i l   af ter   the  peak 5ideslip  angle w a s  
at tained. A t  the time of greatest sideslip  angle A$ is approximately 
equal  to  zero,  and  equation (1) reduces t o  

From equation ( 6 )  it can be seen  that   the dynamic load is  made up of a 
component of the load due t o   s i d e s l i p  and a component due t o  the deflected 
rudder. These two loads  act   in  opposite  directions.  If  the rudder were 

had begun t o   b u i l d  up, the  resultant  load would be greater  since  the 
relieving  load due to  the  deflected  rudder would be absent. A still 

the  rudder a t  the time of  maximum s idesl ip .  

- t o  be returned  to   zero  a t  any time  during  the maneuver a f t e r   t he   s ides l ip  

- greater load would be obtained  if   the maneuver were  checked by reversing 

Equation ( 6 )  can also be wri t ten as 

which expresses  the 

of the  coeff ic ients  

dynamic load per  degree  rudder  deflection i n  terms 

Lvs and Lvsr and the  term -, the  maximum A h a x  
A6r 

i 

sidesl ip   angle   resul t ing from a given  rudder  deflection. The magnitude 

of - f o r  an  abrupt maneuver depends on the  airplane damping i n  yaw 

and is  generally from 1.5 t o  2.0 times the  value  result ing  in  steady  side- 
s l i p  maneuvers where the yawing veloci ty  is zero.  For  the test  airplane, 

A h l a  
A6r 

! 

: 
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the   r a t io  of - i n  the rudder kicks  to  the  value of in   s ide-  

s l i p s  w a s  found  from t h e   f l i g h t  tests t o  be approximately 1.5. 

A&ax 
A b  A6r 

The variation of the dynamic load per degree  rudder  deflection  with 
q f o r  each  rudder-kick run is shown i n  figure 9. The var ia t ion of the 
incremental  rudder  load  with  the  incremental t o t a l   ve r t i ca l - t a i l   l oad  
i s  shown in figure 10. It can be deduced  from figme 10 tha t   fo r   t he  
dynamic load  the rudder carries  approximately 28 percent of t he   t o t a l  
load and since  the  fin  load  acts  in  the  opposite  direction it carr ies  
128  percent of the  total   load.  

Gradual Sideslips 
I The gradual-sideslip maneuvers performed i n  this investigation were 

not   s t r ic t ly   s teady-s ta te  maneuvers; however, the rate of increase of 
s ides l ip  was so low tha t   the  yawing velocity was negligible  and  the  air- 
plane  could be considered t o  be i n  a balanced  flight  condition. In each 
of the  s idesl ip  maneuvers performed the  pilot  gradually  increased  the 
s ides l ip   un t i l  he w a s  prevented from f'urther  increases  by  limiting rudder- 
pedal   t ravel   or  maximum rudder-pedal  travel limited by p i lo t   e f fo r t .  A t  
the tes t   a l t i tudes,   the   loads and control  deflections  obtained  in  the 
s ides l ip  maneuvers were therefore  the  greatest  obtainable by the   p i lo t  
i n   t h i s  type of maneuver. Full rudder-pedal  travel did not   resu l t   in  
full deflection of  -the  rudder due to  cable  stretch.  A time his tory of 
the VU~'OUS quantit ies measured i n  a representative  sideslip maneuver i s  
shown in   f igure  11. 

To maintain  equilibrium et  each instant   in  a steady  sideslip condi- 
t ion,   there i s  a definite  relationship between sideslip  angle and rudder 
posit ion which is a character is t ic  of a given  airplane. The par t icular  
rudder  position is  that needed t o  provide the ver t ica l - ta i l   load  neces- 
sary  to  balance  the  airplane yawing moment in   s idesl ip .  

Because of t h i s  interdependence of the rudder posit ion,   sideslip 
angle, and ve r t i ca l - t a i l  load, the aerodynamic coeff ic ients  LvB and 

I 

s o  fo r th  cannot  be deduced from the  gradual-sideslip  data as was done 
i n  the case of the  rudder  kicks. To further  explain this point,  consider 
equation (1) when the yawing velocity i s  zero: ALv = LvB At3 + Lv6 A6,. 

For any given  position of the rudder there i s  a resul t ing  s idesl ip  angle 
and ver t ica l - ta i l   load .  For any  other  position of the  rudder  the  airplane 
would assume another  sideslip  angle which would r e s u l t . i n  a new value of 
v e r t i c a l - t a i l  load. Each term of the equation which ,represents  this  sec- 
ond condition w i l l  be a multiple of the corresponding term i n  the equation 
which represents  the f irst  condition,  except  for small errors  due t o  

r 
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11 

.3zraccuracies in  the".various measurements. The resulting  equations which 
would be writ ten  if   a  least-squares  solution were attempted would then 
be redundant. . 

c 

For  the 3-45 airplane  the maximm values of the  incremental  fin, 
rudder, and t o t a l  ve r t i ca l - t a i l  loads obtained  in  the  gradual-sideslip 
maneuvers a t  various Mach numbers and a t  two a l t i tudes   a re  shown i n  
figure 12. It can be  seen from figure 12 t ha t   t he   f i n  and  rudder  loads 
are i n  opposite  directions and that  the  rudder  carries  approximately 
1~ times  the  total  load, and the f in c a r r i e s   2 r  times the   to ta l   load .  ' I 

2 

The incremental  rudder  deflection and sideslip  angles  wsociated 
with  these maximum values of load are presented  in  figure 13. It can 
be  seen from figure 13 t h a t   a t  20,000 feet  the  rudder  angle  available 
was reduced from 200 a t  M = 0.32 t o  6O at M = 0.76 due t o  cable 
s t re tch and l imi t ing   p i lo t   e f for t .  A t  the same time  the  sideslip  angles 
resul t ing from these  rudder  deflections were 12.50 a t  M = 0.32 and 
3.50 a t  M = 0.76. Slightly  greater  rudder  deflections and s ides l ip  
angles were obtained a t  3O,OOO f e e t  st a  given Mach nwiber since  the 
loads  and  rudder  forces were smaller under these  conditions. 

The variation of sideslip  mgle  with  rudder  deflection f o r  M = 0.60 
a t  two a l t i tudes  , X) ,000 f e e t  and 30,000 f ee t ,   i s   sham i n  figure 14. 
From t h i s  type of  p lo t ,   the   ra te  of change of s ides l ip  anglb  per  degree 

rudder deflection AA was determined and is  shown plotted  against  Mach 

number in   f igure 15. 
A b  

Figure 16 shms  the  variation  ofmeasured  increment i n  f i n  and 
rudder load per uni t  q with increment in sideslip  angle a t  M = 0.a 
for a l t i tudes  of  20,000 f e e t  and 30,000 f ee t .  The variation  with Mach 
number of the  incremental  vertical-tail  load and the  incremental  fin and 
rudder  loads  per un i t  dynamic pressure and uni t   s idesl ip   angle  fo r  the 
two a l t i tudes  is  sham in figure 17. Each point   in   f igure 17 represents 
the  slope of the curve of measured l o a a p e r  q plot ted  against   s idesl ip  
angle .as shown in figure 16. 

I 

I 

i 

I 

I 

! 

I 

I 
Estimated  Vertical-Tail Loads in an 

Abrupt -Rudder-Reversal Maneuver 
i 

During the  flight  investigation  rudder  kicks and gradual  sideslips 
were selected  as   the  tes t  maneuvers since  they would provide  the  desired 

L loads and control-position measurements wi thout   resu l t ing   in   c r iUcal  
loads on the   ver t ica l   t a i l   sur faces .  From thepe maneuvers suff ic ient  
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information  uas  obtained  for estFmates t o  be made of  the  loads  to be 
expected on the ve r t i ca l  t a i l  surfaces in more c r i t i c a l  maneuvers. 

A horizontal-plane maneuver which would resu l t  Fn both maximum fin 
loads and maximum rudder  loads i s  one in which the rudder is abruptly 
def lected  to  i ts  l imit ing  posi t ion and then  held until max3mum s ides l ip  
is developed a t  which time the  rudder i s  returned  through  neutral  to 
full opposite  deflection.  Figure 18 i l lustrates   the  loads which might 
be expected t o   r e s u l t  from this hypothetical maneuver. The f i n  and 
rudder  loads  as  well as representative  type  load  distributions a t  four 
stages  of  the maneuver a re  shown in figure 18. The loads shown in   the  
f igure  apply  a t   a l t i tudes  of  30,000 fee t  and were calculated by using 
the maximum rudder  positions,  sideslip  angles, and ve r t i ca l - t a i l  lift 
coefficients  previously  determined from analysis of  the f l i g h t  measure- 
ments. For comparison, the" limit design loads calculated by the manufac- 
turer using  the  applicable  loading  requirements are included in f igure 18. 
It can be seen from the  f igure that the loads obtained by application of 
these  requirements would not be exceeded in this hypothetical  rudder- 
reversal  maneuver a t  30,000 feet. Since  the amount of rudder deflection 
ava i l ab le   t o   t he   p i lo t  and, therefore,  the maximum sideslip  angles which 
r e s u l t  are proportional  to  the dynamic pressure, it is t o  be expected 
that the limit loads would not be exceeded i n  this type of maneuver a t  
altitudes  other  than 30.,000 f e e t .  

CONCLUDING REMAME 

The basic aerodynamic parameters, CL, and C L ~ ,  for   the   ver t ica l  
t a i l  were determine.d from time-history measurements of v e r t i c a l - t a i l  
load,  sideslip  angle,  rudder  position, and yawing velocity  in  rudder 
kicks by a procedure  involving a least-squares  solution. The magnitude 
of C& obta5ned  from this   analysis  i s  dependent on the assumed value 
of the sidewash factor ,  q/$. 

I n  rudder kicks, the. rudder load was 42 percent of the t o t a l  
ver t ical- ta i l   load and the f i n  load was 58 percent o f  the t o t a l   l o a d   a t  
the first peak load,  while a t   t h e  second peak load the rudder  load was 
28 percent of the  total   load and the  f in   load was 128 percent of the 
to t a l ,   i n  the opposite  direction. 

. The to ta l   ver t ica l - ta i l   loads  measured in  gradual  sideslips were .. 
small. However, during  these maneuvers the  rudder  load was 1A times 

2 

I 
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1 the t o t a l   ( n e t )  load w h i l e  the fin load was 25 times the t o t a l   ( n e t )  
load, in  the opposite  direction from the rudder  load. 

- 
Estimates of the vertical-tail-surface  loads in an abrupt-rudder- 

reversal  maneuver were made by using the parameters  derived from the 
flight tests. A t  an a l t i t ude  of 30,000 feet the fFn and rudder  loads 
were found t o  be less than the limit design Loads for  the test  .airplane 
during this type of maneuver. 

Langley  Aeronautical  Laboratory, 
National  Advlsory Committee for Aeronautics, 

Langley Field, Va. 
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Figure 1.- Photograph of t e a t  airplane. 
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Figure 2.- Three-view drawing of t e a t  airplane. 
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VERTICAL-TAIL GEOMETRY 

Air fo i l   sec t ion   a t   roo t  . . . . . . . . . . . . . . . . . .  NACA 651-~a 
Airfoi l   sect ion a t  t i p  . . . . . . . . . . . . . . . . .  NACA 65-010 
Rudder and t ab  area, sq f t  . . . . . . . . . . . . . . . . . . .  28 
Total area of v e r t i c a l   t a i l  extending above 

strain-gage  location, sq ft . . . . . . . . . . . . . . . . . .  96 
Span extending above horizontal  tai l ,  in .  . . . . . . . . . . .  150 
Location of strain-gage  bridges above ho r i zon ta l   t a i l ,  in. . . .  13.6 
Chord a t  attachment t o  hor izonta l   t a i l ,   in .  . . . . . . . . . .  145 
Chord a t  t i p ,  in. . . . . . . . . . . . . . . . . . . . . . . .  64 
Fln  offset ,  deg . . . . . . . . . . . . . . . . . . . . . . . .  0 

Figure 3.- Vertical  t a i l  surface of tes t   a i rp lane .  
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Figure 4.- Time history of the  various  quantities  measured during an abrupt 
rudder Uck. Approxfmate  altitude, 3O,OOO feet; Mach nmber, 0.61. 
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Figure 5.- CcrmpElrison of meaaured vert ical- ta i l  load with BUD of camponeats 
due t o  rudder deflection, sideslip w e ,  and yawing velocity. Appro-te 
al t i tude , 30,000 feet ;  Mach number, 0.61. 
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Figure 6 . -  Variation  with Mach number of the   l e t - coe f f i c i en t  parameters 
CL, and CL Gtermined from analysis of ve r t i ca l - t a i l  loads measured 
i n  rudder  kicks a t  30,000 fee t .  
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Figure 7.- Variation w i t h  dymmic pressure of the  defle'ction load 
per degree rudder deflection compared w i t h  average value o f  
coefficient LV obkined fram least-squares analysis. 
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Figure 9. -  Variation with dynamic pressure o f  the  m i c  load per degree 

rudder Mlectlon. 
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Figure 10.- Variation of incremental rudder load with incremental t o t a l  
vertical-tail Load for second peak load in rudder kicks. 
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Figure 11. - Time history of the various q w t i t i e s  measured during a 
gradual  sideslip. Approximate altitude, 20,000 feet; Mach number, 
0.62. 
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Figure 12.- Variation withMach number of the maximum incremental total, 
fin, and  rudder loa& measured in gradual sideslips a t  two altitudes. 
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Figure 13. - Variation vl th  Mach number of the  maximum incremental rudder 

deflec-Lions and sidesl ip auglea measured in gradual aideslips a t  two 
alt i tudes.  
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Plgure 15.- Variation nith Mach number of the sideslip angle per degree 
rudder deflection measured Fn gradual sideelips at tzm altitudes. 
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Figure 16,- Variation  with incremental. sideslip angle of the Incremental 
f i n  and rudder loads for unit dynamic pressure measured in gradus1 
s ides l ips  at  twu alt i tudes.  
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Figure 17. - Variation  with Mach nuniber of the increment in t o t a l ,  fin, 
and  rudder  loads f o r  unit dynamic pressure and unit sideslip  angle 
measured in  gradual sideslips at two a l t i tudes .  

i 

! 

I 



. .  

E 
P 
4 

p ~~"-€""" 
"""- 

. I  

0 300 

Figure 18. Calculated fin and  rudder  aerodynamic loads w h l c h  would 
result at four stages of a maneuver performed by abruptly d e f l e c t i n g  
the rudder t o  the l imi t ing   pos i t ion ,  holding untilmaxirmrm s i d e s l i p  
is reached, then reverskg rudder. Altitude 30,000 feet. 
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